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HIGHLIGHTS

» Obstructive sleep apnea affects one billion people worldwide and is associated with cardiometabolic risk and cognitive impairment.
* Drug therapy for the management of sleep apnea has been investigated, but no robust evidence that supports its benefits has been found to date.
* The combination of noradrenergic and antimuscarinic drugs shows promising results.

ARTICLE INFO ABSTRACT

Keywords: Objective: Summarize the evidence on drug therapies for obstructive sleep apnea.

Obstructive _Sleep Apneas Methods: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were fol-
Drug therapies lowed. PubMed, Embase, Scopus, Web of Science, SciELO, LILACS, Scopus, Cochrane Central Register of Con-
Polysomnography

trolled Trials, and ClinicalTrials.gov were searched on February 17th, 2023. A search strategy retrieved
randomized clinical trials comparing the Apnea-Hypopnea Index (AHI) in pharmacotherapies. Studies were
selected and data was extracted by two authors independently. The risk of bias was assessed using the Cochrane
Risk of Bias tool. RevMan 5.4. was used for data synthesis.

Results: 4930 articles were obtained, 68 met inclusion criteria, and 29 studies (involving 11 drugs) were combined
in a meta-analysis. Atomoxetine plus oxybutynin vs placebo in AHI mean difference of -7.71 (-10.59, -4.83)
[Fixed, 95 % CI, 12 = 50 %, overall effect: Z = 5.25, p < 0.001]. Donepezil vs placebo in AHI mean difference of
-8.56 (-15.78, -1.33) [Fixed, 95 % CI, 12 = 21 %, overall effect: Z = 2.32, p = 0.02]. Sodium oxybate vs placebo
in AHI mean difference of -5.50 (-9.28, -1.73) [Fixed, 95 % CI, I2 = 32 %, overall effect: Z = 2.86, p = 0.004].
Trazodone vs placebo in AHI mean difference of -12.75 (-21.30, -4.19) [Fixed, 95 % CL, 12 = 0 %, overall effect:
Z =2.92,p = 0.003].

Conclusion: The combination of noradrenergic and antimuscarinic drugs shows promising results. Identifying
endotypes may be the key to future drug therapies for obstructive sleep apnea. Moreover, studies with longer fol-
low-up assessing the safety and sustained effects of these treatments are needed.

PROSPERQO registration number: CRD42022362639.

Systematic review

Introduction There are many treatments for OSA, such as behavioral measures,
myofascial exercises, oral appliances, surgeries, Positive Airway Pres-
Obstructive Sleep Apnea (OSA) is a condition in which repetitive sure (PAP), and hypoglossal nerve stimulators.* Although PAP treatment

upper airway closure occurs during sleep, leading to decreased oxygen remains the leading choice for moderate and severe OSA, its adherence
saturation and impaired sleep architecture." It is estimated to affect one rate is low.”

billion people worldwide® and is associated with cardiometabolic risk Recent research on the pathophysiology brought light to possible tar-
and cognitive impairment.> gets for pharmacotherapy.® The OSA pathophysiological traits
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Table 1
Search Strategy for PubMed.

MeSh Terms and Keywords
1 Sleep apnea syndromes
2 Obstructive sleep apnea
3 Sleep apnea
4 OR/1-3
5 Drug therapy
6 Pharmaceutical preparations
7 OR/5-6
8 Polysomnography
9 Death
10 Myocardial Infarction
11 Stroke
12 Adverse effects
13 Health-related quality of life
14 Sleep quality
15 Weight loss
16 Oximetry
17 OR/8-16
18 4 AND 7 AND 17

(endotypes) are the anatomy of the upper airway susceptible to collapse;
the poor pharynx dilator muscle responsiveness; the low arousal respira-
tory threshold; and the oversensitive ventilatory control system (high
loop gain).”

Drug therapy for the management of sleep apnea has been investi-
gated, but no robust evidence that supports its benefits has been found
to date.®
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The aim of this systematic review and meta-analysis is to summarize
the evidence on pharmacotherapy for the treatment of OSA in adults.

Methods

This review follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.’ The protocol is regis-
tered with the International Prospective Register of Systematic Reviews
(PROSPERO CRD42022362639).

Inclusion criteria

Randomized Clinical Trials (RCT) compared the Apnea-Hypopnea
Index (AHI) of pharmacotherapies for adults with OSA.

PICOT strategy
- Population/Participants: Adults diagnosed with OSA.

- Intervention: Any drug therapy intended to treat OSA.
- Comparator/Control: Placebo.

- Outcomes: AHI.

- Type of study: RCT.

Patient and public involvement

There was no patient or public involvement.

Identification of studies via databases and registers

Fig. 1. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram of the selection process.
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Search strategy

PubMed, Embase, Scopus, Web of Science, SciELO, LILACS, Scopus,
Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov
were searched with no limitations to date or language. All electronic
databases were searched on February 2023. The search strategy to be
used in PubMed is presented in Table 1.

Data collection and analysis

The articles were imported to Rayyan, and duplicates were removed.
Two authors independently screened by title, abstract, and full text to
determine inclusion criteria. A third reviewer resolved the discrepancies.

Data extraction and management

Two independent authors extracted data from the included studies.
The latter were inserted into a database. Meta-analysis was conducted
for the studies that could be combined.
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Risk of bias assessment

Two reviewers independently assessed the risk of bias using the
Cochrane Risk of Bias Tool (RoB 2).'° Each study was evaluated for the
randomization process, deviations from intended interventions, missing
outcome data, measurement of the outcome, and selection of the
reported results.

Assessment of heterogeneity

The I? statistics were used to assess heterogeneity, below 25 % was
considered low heterogeneity, between 25 % and 50 % moderate hetero-
geneity, and above 50 % high heterogeneity.

Measures of the treatment effect

AHI was extracted as a continuous variable, and the mean difference
with a 95 % Confidence Interval was used. This was performed using
Review Manager (RevMan 5.4) software.

Table 2

Qualitative synthesis of the included studies.

Author/Year Design Drug Endotype Follow-up N Main findings

Kinouchi 2023 RCT OL crossover  AtoOxy MR 1 night 17  AtoOxy therapy does not reduce AHI in Japanese OSA patients.

Taranto-Motnemurro 2020 RCT DB crossover AtoOxy MR 1 night 17  AtoOxy markedly improved the measures of upper airway collaps-
ibility.

Taranto-Motnemurro 2019 RCT DB crossover = AtoOxy MR 1 night 20  AtoOxy greatly reduced OSA severity.

Rosenberg 2022 RCT DB crossover AtoOxy MR 1 night 30  AtoOxy had a statistically significant meaningful difference from pla-
cebo.

Schweitzer 2023 RCT DB crossover AtoOxy MR 1 night 60  AtoOxy improved AHI in patients with moderate pharyngeal collaps-
ibility.

Li 2016 RCT DB crossover Donepezil LG 1 night 41  Asingle dose of donepezil did not appear to affect the severity of
OSA.

Sukys-Claudino 2011 RCT DB parallel ~ Donepezil LG 4 weeks 21 Donepezil treatment improved OSA index and oxygen saturation.

Moraes 2008 RCT DB parallel Donepezil LG 3months 23 Donepezil improved AHI in patients with Alzheimer disease.

Lettieri 2008 RCT DB parallel Eszopiclone ArTh 1 night 79  The severity of OSA did not differ between eszopiclone and placebo.

Eckert 2011 RCT DB crossover Eszopiclone ArTh 1 night 17  Eszopiclone increased ArTh and lowered AHI in patients with OSA.

Rosenberg 2007 RCT DB crossover Eszopiclone ArTh 1 night 21 Mean total AHI was not significantly different in eszopiclone from
placebo.

Kiely 2004 RCT DB crossover Fluticasone UAA 4 weeks 23  Intranasal fluticasone is of benefit to some patients with OSA and rhi-
nitis.

Smith 2019 RCT DB parallel  Fluticasone / UAA 3months 26  No significant difference in AHI was found between treatment and

montelukast placebo.

Acar 2013 RCT DB parallel ~ Mometasone UAA 6 weeks 26  Treating allergic rhinitis has a positive effect on OSA severity.

Carley 2007 RCT DB crossover ~Mirtazapine MR 1 week 12 Mirtazapine lowered AHI but increased sedation and weight gain.

Marshall 2008a RCT DB crossover Mirtazapine MR 2 weeks 36 Study discontinued prematurely due to trial failure and safety con-
cerns.

Marshall 2008b RCT DB parallel Mirtazapine MR 2 weeks 18 Mirtazapine did not improve OSA severity and induced weight gain.

Clarenbach 2008 RCT DB crossover Xylometazoline UAA 1 week 12 Nasal decongestion slightly reduced AHI.

An 2018 RCT DB crossover Oxymetazoline UAA 1 night 15 Improving nasal patency by decongestant could improve AHIL

Perger 2022 RCT DB crossover ReboxOxy MR 1 week 16  ReboxOxy did not improve OSA severity assessed by AHI, but low-
ered HB.

Berger 2023 RCT DB crossover ReboxOxy MR 1 week 15  ReboxOxy greatly decreased OSA severity and increased vigilance.

Altree 2023 RCT DB crossover ReboxOxy MR 1 night 16  Reboxetine as a single agent or combined with oxybutynin improves
AHL

George 2010 RCT DB crossover Sodium oxybate / ArTh 1 night 42 SXB does not negatively impact SDB but might increase central

Zolpidem apneas.

George 2011 RCT DB parallel ~ Sodium oxybate  ArTh 2 weeks 48  Itis not clear how sodium oxybate might reduce AHI in OSA patients.

Chen 2021 RCT DB crossover Trazodone ArTh 1 night 22 Trazodone significantly increased the percentage SWS and improved
AHIL

Smales 2015 RCT DB crossover Trazodone ArTh 1 night 15  Trazodone resulted in a significant reduction in AHIL

Messineo2020 RCT DB crossover  Zolpidem ArTh 1 night 19  Zolpidem did not change AHI.

Carter 2016 RCT DB crossover Zopiclone ArTh 1 night 12 Zopiclone increased ArTh with no impact on AHIL.

Carter 2018 RCT DB parallel ~ Zopiclone ArTh 1month 30  There was a tendency of reduction of AHI with zopiclone.

Carter 2020 RCT DB crossover Zopiclone ArTh 1 night 28  Zopiclone did not systematically reduce AHI or increased ArTh.

RCT, Randomized Clinical Trial, DB, Double-Blind; OL, Open-Label; MR, Muscle Responsiveness; LG, Loop Gain; ArTh, Arousal Threshold; UAA, Upper Air-
way Anatomy; AHI, Apnea-Hypopnea Index; AtoOxy, Atomoxetine + Oxybutynin; ReboxOxy, Reboxetine + Oxybutynin, OSA, Obstructive Sleep Apnea;

HB, Hypoxic Burden; SWS, Slow Wave Sleep.
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Nasal Steroid Placebo Mean Difference Mean Difference
Study or Subgroup Mcan  SD Total Mcan SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Acar 2013 27.3 16.7 20 28.7 15.1 20 37.5% -1.40[-11.27,8.47)
Kiely 2004 23.3 15.8 13 303 236 13 15.3% -7.00 [-22.44, 8.44)
Smith 2019 115 9.1 13 11.8 134 13 47.1% -0.30(-9.11, 8.51)
Total (95% CI 46 46 100.0% -1.74 [-7.79, 4.30]
Heterogeneity: Chi* = 0.55, df = 2 (P = 0.76); I’ = 0% ¥ 4 ] upper
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Fig. 2. Forest plots illustrating apnea-hypopnea index mean difference in different drug therapies for obstructive sleep apnea against placebo.
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Analysis

RevMan 5.4 was used to perform the statistical analysis. In the het-
erogeneity assessment, when I> was > 50 %, a random-effects model
was used, otherwise, a fixed-effect model was applied.
Grading quality of evidence

The Grading of Recommendations Assessment Development and
Evaluation (GRADE) approach was used to evaluate the strength of the
evidence of the systematic review results.""

Results

The database search retrieved 4930 articles, duplicates were
removed, and two independent authors screened 3900 titles, 319

Risk of bias domains

J
|

Clinics 79 (2024) 100330

were assessed for eligibility by abstract. 68 of which met the inclu-
sion criteria, and finally, 29 studies could be combined in the
meta-analysis (11 drugs). The PRISMA flow diagram summarizes
the selection process (Fig. 1). Qualitative synthesis is shown in
Table 2.

Upper airway anatomy

A few different drug mechanisms can potentially target the collaps-
ibility of the upper airway, such as weight loss medication that can
reduce fat tissue on the tongue base and neck, diuretics reducing fluid
retention, and nasal obstruction can be approached with intranasal ste-
roids and decongestants.®

Both the use of nasal steroids (3 studies) and, nasal decongestants (2
studies) versus placebo showed a tendency for improvement in AHI,
without statistical significance (Fig. 2)."%'¢

Fig. 3. Risk of bias of the studies included in the meta-
analysis.
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Muscle responsiveness

The combination of noradrenergic and antimuscarinic drugs was
tested in different trials, Atomoxetine plus Oxybutynin (AtoOxy) showed
significant improvement in AHI with combined data from 5 studies,
mean difference of —7.71 (—10.59, —4.83) [Fixed, 95 % CI, 12 = 50 %,
overall effect: Z = 5.25, p < 0.001]."”>! Reboxetine plus Oxybutynin
(ReboxOxy) was assessed in 3 studies, and although there was a ten-
dency for improvement, no significance was found (Fig. 2).%>2*

Mirtazapine was tested by two authors in 3 trials, none of which evi-
denced the benefits of this drug treatment for OSA, moreover, one of
these trials was discontinued due to trial failure and safety concerns.>>>°

Arousal threshold

Eszopiclone, zolpidem, and zopiclone were studied and showed no
difference in AHI from placebo.?”>* Sodium Oxybate (SXB) and trazo-
done showed significant improvement in AHI. SXB vs placebo in AHI (2
studies, 90 patients) mean difference of —5.50 (—9.28, —1.73) [Fixed,
95 % CI, 12 = 32 %, overall effect: Z = 2.86, p = 0.004].>**" Trazodone
vs placebo in AHI (2 studies, 37 patients) mean difference of —12.75
(—21.30, —4.19) [Fixed, 95 % CI, 12 = 0 %, overall effect: Z = 2.92,
p = 0.003].%%%7

Loop gain

Concerning loop gain, the only drug with enough studies that met
inclusion criteria and could be combined into a meta-analysis was done-
pezil. Three studies assessed its effect on AHI against placebo demon-
strating improvement in OSA severity, with a mean difference of —8.56

- Certainty assessment Ne of patients

Clinics 79 (2024) 100330

(—-15.78, —1.33) [Fixed, 95 % CI, 12 = 21 %, overall effect: Z = 2.32,
p = 0.02].%84°

Risk of bias assessment

The majority of the studies included were double-blind randomized
control trials with an overall low risk or with some concerns of bias
(Fig. 3). The strength of the evidence was assessed by GRADE (Fig. 4).

Discussion

The combination of atomoxetine and oxybutynin was found to pro-
vide the most significant enhancement in OSA severity.'”*' Neverthe-
less, all studies with this treatment were single-night studies with small
sample sizes.

Historically, the use of drugs that would increase the arousal thresh-
old in patients was thought to worsen apnea by decreasing muscle dila-
tor response and promoting collapsibility. However, the use of
zolpidem, eszopiclone, and zopiclone was found not to impact OSA
severity compared to placebo.?”">* Moreover, sodium oxybate and trazo-
done showed improvement in AHIL>*>”

It is important to frame that this study only brings data from primary
studies that met the defined inclusion criteria and could be combined in
a meta-analysis. A limitation is that drugs that have been tested by a sin-
gle RCT have not been included. There is also heterogeneity among pop-
ulations included in different trials that were combined, such as
different degrees of OSA severity which may impact drug efficacy.

Moreover, to better understand physio-pathological endotypes other
outcomes such as loop gain, arousal threshold, muscle compensation,
and hypoxic burden could be assessed.

Conpanscn peiof Study design Riskcl Indirectness | Imprecision @iy [Intervention] | [Placebo] el jpusolte cerainty meerance
studies Y desig bias P considerations (95% CI) (95% Cl)
Nasal steroid 3 randomised not not serious serious not serious none 46 46 MD 1.74 lower [-Y-Y:Y@) IMPORTANT
Vs trials serious (7.79 lower to 4.3 higher) Moderate
Placebo
Nasal 2 randomised serious not serious serious not serious none i 27 MD 7.97 events/h lower -1-1ele) NOT
decongestant trials (18.71 lower to 2.77 higher) Low IMPORTANT
vs
Placebo
AtoOxy 5 randomised not not serious not serious | not serious none 144 143 MD 7.71 lower DODD IMPORTANT
Vs trials serious (10.59 lower to 4.83 lower) High
Placebo
ReboxOxy 3 randomised not not serious not serious | not serious none 47 47 MD 10.78 events/h lower DODD IMPORTANT
Vs trials serious (24.27 lower to 2.71 higher) High
Placebo
Mirtazapine 3 randomised serious serious not serious | not serious none 79 79 MD 1.11 events/h lower @O0 | IMPORTANT
Vs trials (11.88 lower to 9.66 higher) Low
Placebo
Eszopiclone 3 randomised not not serious not serious | not serious none 7 79 MD 2.24 events/h lower CODD IMPORTANT
vs trials serious (6.14 lower to 1.67 higher) High
Placebo
Sodium oxybate 2 randomised serious not serious not serious | not serious none 68 64 MD 5.5 events/h lower ®®d(O | IMPORTANT
vs trials (9.28 lower to 1.73 lower) Moderate
Placebo
Trazodone 2 randomised not not serious serious not serious none 37 37 MD 12.75 events/h lower [):]:]@) IMPORTANT
vs trials serious (21.3 lower to 4.19 lower) Moderate
Placebo
Zolpidem 2 randomised serious not serious serious not serious none 61 61 MD 0.21 events/h lower [1:]0]e] NOT
vs trials (4.39 lower to 3.96 higher) Low IMPORTANT
Placebo
Zopiclone 3 randomised not not serious serious not serious none 54 56 MD 0.98 events/h lower [0 le) IMPORTANT
vs trials serious (9.71 lower to 7.76 higher) Moderate
Placebo
Donepezil 3 randomised not not serious serious not serious none 63 63 MD 8.56 events/h lower ®d®(Q | IMPORTANT
vs trials serious (15.78 lower to 1.33 lower) Moderate
Placebo

Cl: confidence interval; MD: mean difference

Fig. 4. GRADE strength of the evidence assessment.



M.L. Nobre et al.
Conclusion

While numerous drugs have been investigated, only a few have
shown promising results, like the combination of noradrenergic and
antimuscarinic drugs. Identifying endotypes that respond to each phar-
macological mechanism may be the key to future drug therapies for
OSA. Moreover, studies with longer follow-up periods assessing the
safety and sustained effects of these treatments are needed.
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